Oxidized LDLs (oxLDLs) induce apoptosis, which contributes to the pathogenesis of atherosclerosis. The 150 kDa oxygenregulated protein (ORP150), an endoplasmic reticulum (ER)-resident chaperone, is upregulated by hypoxia and prevents ischemia-induced cell death. The aim of this work was to investigate whether and how ORP150 can prevent apoptosis induced by oxLDLs in vascular cells. OxLDLs induced ORP150 expression in the ER of human microvascular endothelial cell line (HMEC-1). ORP150 expression was blocked by antioxidants, by the permeant calcium chelator BAPTA-AM, and by inhibitors of the inositol-1,4,5 trisphosphate (IP3) receptors, 2-aminoethyl diphenylborinate (2-APB) and xestospongin C. ORP150 silencing by siRNAenhanced oxLDL-induced apoptosis, while forced ORP150 expression increased the resistance of cells via an inhibition of the oxLDL-induced calcium rise, and of subsequent calpain activation, cytochrome c release, caspase 3 activation and apoptosis. A similar protective effect was achieved by BAPTA-AM, 2-APB and xestospongin C. Altogether, these data indicate that (i)ORP150 inhibits oxLDL-induced apoptosis by blocking calcium signaling and subsequent apoptosis, (ii)calcium released from ER stores through IP3 channels is involved in the oxLDL-induced calcium rise and apoptosis, and is inhibited by ORP150. Finally, ORP150 is expressed in advanced atherosclerotic lesions, where it may locally participate to reduce the apoptotic effect of oxLDLs and the subsequent risk of plaque rupture.
Atherosclerosis is characterized by endothelial dysfunction and injury, lipid deposition, chronic inflammatory response, arterial wall and chronic wound healing processes.
1,2 Apoptosis is potentially implicated in endothelial cell lining defects, necrotic core formation, plaque erosion and rupture. 3, 4 Among several pro-apoptotic factors present in atherosclerotic plaques, oxidized low-density lipoproteins (oxLDLs) play a crucial role in the formation and the progression of lesions, by triggering lipid storage, local inflammation and toxic events that may participate in vascular wall injury, plaque erosion/ rupture and subsequent athero-thrombosis. 5, 6 The proapoptotic effects of oxLDLs are mediated through a complex sequence of signaling events that lead to the activation of several caspase-dependent or -independent apoptotic pathways. [7] [8] [9] Two separate caspase-dependent apoptotic pathways have been implicated in the oxLDL-induced apoptosis of endothelial cells, namely the extrinsic apoptotic pathway, mediated by death receptors, Fas or/and tumor necrosis factor receptor, and downstream by caspase-8/ caspase-3; 6, 10, 11 and the intrinsic mitochondrial apoptotic pathway, which includes Bcl-2 family members, cytochrome c and caspase-3. 12 The oxLDL-induced activation of the intrinsic mitochondrial pathway involves a sustained rise of cytosolic calcium that triggers a proteolytic cascade involving calcium-dependent calpains, Bid cleavage and cytochrome c release, leading finally to caspase-3 activation. 8, 13 The mechanism evoked by oxLDLs for triggering the cytosolic calcium rise is not known.
Among the various cytoprotective chaperones present in the endoplasmic reticulum (ER), the 150-kDa oxygenregulated protein (ORP150) is induced by ischemia/reperfusion and more generally by oxygen deprivation and oxidative stress.
14 ORP150 exhibits antiapoptotic and neurotrophic properties that play a protective role in a range of settings, including apoptosis associated to ischemia [15] [16] [17] [18] excitotoxicity, 19 neuron and cardiomyocyte cell death. 20, 21 ORP150 has been shown to be expressed in atherosclerotic plaques, and to be induced in blood mononuclear phagocytes by oxLDLs under hypoxic conditions. 22 , 23 The precise role of ORP150 in oxLDLs signaling, and apoptosis, has never been investigated. This study was carried out to investigate whether and how ORP150 plays a role in oxLDL-induced apoptosis of vascular cells.
Results
OxLDLs enhance the expression of ORP150 in wt-HMEC and hSMC. Under basal conditions, western blot experiments showed detectable, but low levels of ORP150 in HMEC-1 and hSMC (Figure 1a and b) . As shown in Figure  1a and b, oxLDLs (100 mg apoB/ml) induced a marked increase in ORP150 antigen, beginning at 5 h and reaching a maximum after 10 h of incubation. The induction of ORP150 began at low non-toxic concentrations of oxLDLs, just starting at 10 mg apoB/ml of oxLDLs, which is far below the toxic concentration of oxLDLs ( Figure 1c ). It is noteworthy that in vascular cells grown under the reported culture conditions, oxLDLs were able to induce an increased expression of ORP150, without any additional hypoxia. Incubation of cells under the same conditions, but omitting LDL, did not induce ORP induction order, thus supporting the hypothesis of a specific effect of oxLDLs and excluding any interference of copper ions irradiated by UV (Figure 1a , right panel).
Immunofluorescence studies also showed that ORP150 (green fluorescence) was only faintly expressed in untreated HMEC-1 and colocalized in major part with ER-located proteins, such as GRP78/GRP94, labeled with an anti-KDEL antibody (red fluorescence) (Figure 1d , upper panels). In HMEC-1 treated with oxLDLs (100 mg apoB/ml) for 10 h, ORP-150 localized in part in the ER (colocalization with anti-KDEL labeling -red), but it may be noted that the green immunofluorescence of ORP150 was also in part localized in the cytoplasm and at the plasma membrane (Figure 1d , lower panels).
Interestingly, oxLDL-induced ORP150 expression was reduced by antioxidants trolox, PDTC and N-acetylcysteine (NAC), as well as by the calcium chelator BAPTA (Figure 1e and f) (note that BAPTA was administered to the cells as permeant form BAPTA-AM which is cleaved by intracellular esterases thereby releasing the calcium chelator BAPTA in the cytoplasm). The role of calcium signaling as trigger of ORP150 expression induced by oxLDLs, was confirmed by the inhibitory effect of two inositol-1,4,5 trisphosphate (IP3) channel inhibitors, 2-Aminoethyl diphenylborinate (2-APB) and Xestospongin C, used under conditions inhibiting the early calcium peaks triggered by oxLDLs (Figure 1g and h).
Altogether these data indicate that ORP150 expression is induced by oxLDLs through a calcium and oxidative stress-mediated mechanism.
ORP150 silencing by siRNA enhances oxLDL-induced toxicity. Since ORP150 exhibits cytoprotective properties in hypoxia, in neurotoxicity [15] [16] [17] [18] [19] [20] and in hypoxia/oxLDL-induced toxicity to monocytes, 23 we aimed to evaluate whether it may prevent oxLDL-induced apoptosis of vascular cells. Under the used conditions, ORP150 specific siRNA abolished the upregulation of ORP150 induced by oxLDLs, in hSMC and wt-HMEC (Figure 2a) , and enhanced the toxic effect of oxLDLs (Figure 2b ), whereas scrambled siRNA had no effect. We evaluated the effect of ORP150 depletion on the type of cell death, by using a fluorescent (Apostain s ) method based on the increased sensitivity of DNA in apoptotic cells to thermal denaturation and immunofluorescence detection of single strand DNA (Figure 2c ) and by SYTO 13/PI twotone fluorescent staining of DNA that allows discriminating between alive cells, and dead cells in apoptosis, postapoptotic necrosis and primary necrosis (Figure 2d ). Interestingly, no toxicity was observed in the presence of ORP150-siRNA used alone (i.e. in the absence of oxLDLs), thus suggesting that ORP150 is not required for cell survival under standard culture conditions (Figure 2e and f) . In contrast, oxLDL-treatment of cells treated by ORP150-siRNA, resulted in a dramatic increase of both apoptotic and necrotic cells (Figure 2e and f), thus suggesting that ORP150 is involved in cellular defenses against the toxicity of oxLDLs.
ORP150
expression prevents oxLDL-induced apoptosis. To confirm the protective effect of ORP150 against the toxicity of oxLDLs, we examined the effect of ORP150 overexpression on oxLDL-induced toxicity. We used a clone of ORP-HMEC expressing ORP150 approximately seven times more than the wt-HMEC ( Figure  3a and b) . Under standard culture conditions, ORP-HMEC (compared to wt-HMEC and to ev-HMEC) did not exhibit any difference in cell growth and cell viability (Figure 3c ). OxLDLs (200 mg apoB/ml) were similarly toxic for wt-HMEC and ev-HMEC, but significantly less toxic for ORP-HMEC (Figure 3c ), thereby supporting the hypothesis that ORP150 prevents the toxic effect of oxLDLs. In the same way, SYTO13/PI fluorescent labeling showed that ORP150 overexpression prevented oxLDL-induced apoptosis ( Figure  3d and e).
Interestingly, in our experimental model system, ORP150 also prevented in part, the calcium-dependent toxicity of thapsigargin (Figure 3c ), like in cultured neuronal cells. 20 These data led us to investigate whether ORP150 was able to block the calcium signaling involved in oxLDL-induced apoptosis.
ORP150 expression inhibits the rise of cytosolic calcium, calpain activation and the mitochondrial apoptotic pathway triggered by oxLDLs. We previously reported that oxLDL-induced apoptosis results from the dysregulation of the cytosolic calcium homeostasis, characterized by a delayed and intense calcium rise occurring several hours after the beginning of the pulse with oxLDLs. 7 As the calcium rise induces the activation of calcium-dependent calpains, which activate in turn the mitochondrial apoptotic pathway, 8, 13 we investigated whether ORP150 forced expression was able to prevent the apoptotic signaling cascade. As shown in Figure 4a , the broad, intense and delayed (9-16 h) rise of cytosolic calcium triggered by oxLDLs was considerably reduced in upregulation induced by oxLDLs (100 mg apoB/ml). wt-HMEC were preincubated for 30 min with antioxidants, 100 mmol/l of trolox (Tx), ebselen (Ebs) or PDTC, NAC 20 mmol/ l, BAPTA (used at 1 mmol/l BAPTA/AM), 2-APB (10 mM) and xestospongin C (xesto) (1 mM), then oxLDLs (100 mg apoB/ml) were added to the culture medium. Cells were harvested at the indicated time (or at 10 h, when not indicated) and used for western blots as indicated in Material and Methods. (h) Early calcium peaks triggered by oxLDLs (100 mg apoB/ml), in the absence (empty circles) or presence of calcium inhibitors (BAPTA, blue squares; 2-APB, red circles; xestospongin C, green triangles), used under experimental conditions of Figure 1e and g. Calcium mobilization was determined at the indicated times, using These data suggest that ORP150 overexpression inhibits the oxLDL-induced deregulation of calcium homeostasis and its subsequent apoptotic events.
We hypothesized that ORP150 could prevent the cytosolic calcium deregulation, by inhibiting the release of calcium from ER stores, as suggested by the inhibition of oxLDL-induced early and transient calcium peaks in ORP-HMEC (Figure 4b ). To test whether calcium released from ER may play a role in apoptosis 25 we evaluated the effect of Xestospongin C, and 2-APB, two inhibitors of the inositol-1,4,5 trisphosphate (IP3) receptors, on oxLDL-induced calcium deregulation and proapoptotic signaling. As shown in Figure 5 , both agents blocked the delayed cytosolic calcium increase, calpain activation, and the cytotoxicity of oxLDLs. These data indicate that (i) IP 3 receptors and calcium from internal ER stores are important mediators of the oxLDL-induced calcium deregulation and apoptosis, and (ii) ORP150, localized in ER, could inhibit the calcium release from ER, which in turn protects against the cytosolic calcium deregulation and subsequent apoptosis evoked by oxLDLs in endothelial cells.
ORP150 expression in atherosclerotic plaques from human carotid. ORP150 was highly expressed in advanced atherosclerotic plaques from human carotids, whereas it was only very faintly expressed in nonatherosclerostic areas, as shown by western blot of tissue homogenates (Figure 6a ). Immunohistochemical analysis revealed that ORP150 is expressed in the macrophagic cells of the lipid-rich core, as previously reported by Tsukamoto Y et al. 23 but was also strongly expressed in endothelial cells (Figure 6b) , consistent with the oxLDL-induced upregulation of ORP150 in cultured endothelial cells. 
Discussion
The major findings of this study are summarized as follows, (i) oxLDLs enhance the expression of ORP150 in cultured vascular endothelial and smooth muscle cells, depending on oxidative stress and Ca 2 þ release from ER stores (ii) ORP150 protects endothelial cells against oxLDL-induced apoptosis by blocking the deregulated and delayed cytosolic calcium rise, probably by inhibiting the release of calcium from ER stores, and (iii) ORP150 is dramatically expressed in endothelial cells of human advanced atherosclerotic plaques.
The basal expression of ORP150 is low in wt-HMEC and in hSMC grown under standard conditions. We show here, for the first time, that oxLDLs, independently of hypoxia, upregulate ORP150 expression in vascular cells. A previous study in macrophages showed that ORP150 induction required both hypoxia and oxLDLs, whereas oxLDLs under normoxic conditions did not enhance ORP150 expression. 23 This discrepancy may result from differences in cell types, modification of oxLDLs, and culture conditions, particularly the concentration of fetal calf serum (FCS) in the culture medium (since low FCS is known to enhance the toxic effect of oxLDLs).
Our current results further demonstrate that induction of ORP150 by oxLDLs depends on oxidative stress, as indicated by the inhibitory effect of antioxidants Trolox, PDTC and NAC, consistently with previous reports. 21, 23 Furthermore, our data show that Ca 2 þ -mobilization early evoked by oxLDLs, and blocked by the calcium chelator BAPTA and by IP 3 channel inhibitors 2-APB and xestospongin C, is also involved in the expression of ORP150, in agreement with previous reports on celecoxib-induced ORP150 upregulation 26 (inhibited by BAPTA). The early Ca 2 þ mobilization evoked by oxLDLs has been reported in various cell types including macrophages, smooth muscle cells and platelets. 24, 27 Though the mechanism is not yet clarified, this calcium mobilization could result from oxLDL-mediated signaling, which includes the activation of various kinases, protein G, tyrosine kinase receptors and phospholipases, largely reported in the literature. 5, 6 In the same way, it may be noted that oxLDLs triggered an ER stress response (data not shown) concomitantly with ORP150 induction, but the precise mechanisms of the regulation of ORP150 expression remain to be elucidated. Silencing of ORP150 by specific siRNA dramatically enhanced the level of oxLDL-induced apoptosis in wt-HMEC. This is consistent with the observation that neural, myocardial, macrophagic or tumoral cells expressing low level of ORP150, induced by specific antisense, siRNA or in heterozygous deficient cells (ORP150 þ /À), exhibited an increased vulnerability to hypoxia, ischemia-reperfusion, glutamate or celecoxib. 16, 18, 19, 21, 23, 26, 28 Conversely, the stable expression of ORP150 in ORP-HMEC enhanced significantly the cellular resistance to oxLDL-induced apoptosis. Interestingly, this is consistent with the protective effect of ORP150 against apoptosis induced by hypoxia in renal cells HEK16, cardiomyocytes 21 and neural cells. 28 This suggests a common signaling in the apoptosis triggered by these toxic agents.
Toxic concentrations of oxLDLs evoke a delayed and sustained rise of cytosolic calcium, which is involved in the trigger of apoptosis of endothelial cells, as assessed by the protective effect of EGTA 8 and of the permeant calcium chelator BAPTA, in agreement with previous data on other cell types. 7, 8, 13 This calcium rise is known to activate calciumdependent calpains, which trigger in turn the activation of mitochondrial apoptotic events (cytochrome c release) and executioner caspase-3. 8, 13 Interestingly, calcium deregulation is also involved in ER stress-associated apoptosis induced in macrophages by free cholesterol accumulation 29, 30 and in vascular SMC, by oxysterols, such as 7-ketocholesterol 31 (which is abundantly present in oxLDLs). The precise mechanism leading to oxLDL-induced sustained calcium rise is only partly understood. Pharmacological inhibitors and the effect of EGTA suggest that an influx of extracellular calcium 8, 32 is required for oxLDL-induced sustained calcium and subsequent apoptosis. 8, 13 Our data indicate that the release of calcium from intracellular stores such as ER, is involved in the trigger of the cytosolic calcium rise, as supported by the inhibitory effect of IP3 channel inhibitors, 2-APB and xestospongin C, on the calcium increase and subsequent cell death. This is consistent with a role for calcium released from ER stores in apoptosis, which involves either IP3 receptors activation by IP3, or their direct cleavage by caspase-3. 33 The IP3-sensitive calcium store depletion may activate in turn plasma membrane receptors such as store-operated cation channels, calcium releaseactivated channels and transient receptor potential channels, thereby inducing an influx of extracellular calcium and apoptosis. 34 The overexpression of ORP150 prevented the boost in cytosolic calcium caused by oxLDLs, thereby preventing calcium-dependent calpain activation, cytochrome c release and caspase 3 activation. These data are consistent with the protective effect of ORP150 against calcium-mediated toxicity, reported in various in vitro and in vivo conditions, including ischemia/reperfusion, 21 glutamate toxicity 19 or treatment with Celecoxib. 26 Our data point out the ability of ORP150 to maintain calcium homeostasis as a crucial mechanism of its protective effect against oxLDL-induced apoptosis, since the apoptotic events (activation of calpain and of the mitochondrial apoptotic pathway) were completely blocked. Interestingly, this capacity to regulate calcium homeostasis is shared by other ER-resident chaperones, such as GRP78 (Bip) and GRP94, which may prevent hypoxia-induced apoptosis by inhibiting intracellular calcium rise, calpain and caspase activation. 35, 36 It has also been reported that ORP150 may regulate calcium homeostasis by binding and buffering calcium, 19, 28 thereby limiting ER calcium depletion and cytosolic calcium rise. This binding effect could be due to the presence of calcium-binding sites on ORP150, comparable to those observed on CPB140, an ER protein homolog of ORP150, . Left panels, hematoxylin-eosin staining; right panels, ORP150 expression detected by immunohistochemistry. It may be noted that ORP150 is expressed at much higher levels in atherosclerotic areas and is associated to the endothelium and to the lipid core (arrows). These data are representative of three separate experiments ORP150 and oxLDL-induced apoptosis M Sanson et al and able to bind Ca2 þ . 28, 37 Moreover, it is not excluded that ORP150 may regulate the activity or interact with IP3 channels, like GRP75, 38 in agreement with the protective effect of IP3 receptor inhibitors. As summarized in Figure 7 , it can be speculated that ORP150 is induced by oxLDLs through an oxidative stress and Ca 2 þ -dependent signaling, as a defence mechanism against oxLDL toxicity, and that ORP150-forced expression prevents apoptosis by blocking the dysregulation of calcium homeostasis, which is a general pathway for activating the intrinsic mitochondrial apoptotic pathway triggered by various toxic inducers, including oxLDLs. 7, 13, 28 The last important point is the expression of ORP150 in the endothelium of human carotid atherosclerotic plaques, whereas it is only faintly expressed in non-atheromatous areas. The high expression of ORP150 in the endothelium covering atherosclerotic plaques is consistent with our data demonstrating that oxLDLs upregulate ORP150 expression in cultured endothelial cells, and with the well-known presence of oxLDLs in atherosclerotic lesions. 1, 39 This ORP150 expression may play a role in maintaining the integrity of the endothelial cell lining covering atherosclerotic plaques, by enhancing the resistance of endothelium against the toxic effect of underlying oxLDLs and their toxic oxidized lipid components.
Materials and Methods
Chemicals and reagents. Anti-ORP150 antiboby was obtained from IBL (Gunma, Japan), anti-procaspase3 was from Cell Signaling Technology, anticytochrome c was from PharMingen, anti-b-actin was from Sigma-Aldrich, and secondary antibodies were obtained from Santa Cruz. 4 0 ,6-diamidino-2-phenylindole (DAPI), acrylamide-4X/bisacrylamide-2X, 3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyl tetrazolium (MTT) were from Euromedex (Souffelweyersheim, Fr). SYTO-13, propidium iodide (PI), green and red Alexa Fluo secondary antibodies were from Molecular Probes. Trypsin-EDTA, culture media, FCS, glutamine, penicillin and streptomycin were provided from Gibco. Thapsigargin, 2-APB, xestospongin C and other reagents were from Sigma.
Cell culture and transfection by ORP150. Wt-HMEC (HMEC-1 cell line, CDC, Atlanta), were grown in MCDB-131 culture medium supplemented with 10% FCS and 40 mM glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin. HMEC-1 transfected with the ORP150-coding vector as reported in 40 (ORP-HMEC), or with the empty vector (ev-HMEC), were grown in MCDB-131 medium supplemented with 0.8 mg/ml of geneticin (G418) (PAA laboratories). SMC primocultures (hSMC) were obtained from human coronary arteries at postmortem examinations. Briefly, 1-2 mm 3 pieces of media from the coronary artery were cultured in DMEM containing 10% FCS, in T-25 flasks. Before use, hSMC were characterized by immunocytochemistry experiments using a-actin labeling (data not shown), and were used between the second and third passage.
Twenty-four hours before the experiments, cells were starved by replacing the complete culture medium with serum-poor medium containing 0.5% FCS. Starving conditions have been defined in preliminary experiments, to balance between the anti-apoptotic effect of FCS and the pro-apoptotic effect of complete serum deprivation. Moreover, this serum-poor medium facilitates the uptake of oxidized LDL, and minimizes the effect of potentially interfering mediators contained in FCS. Figure 7 Schematic representation of oxLDL-induced calcium mobilization and apoptotic signaling, and protective effect of ORP150. OxLDLs trigger a complex, poorly defined, array of cell signaling 5, 6 including the opening of IP3-receptor/channel and the release of calcium from ER stores to the cytosol, and the opening of calcium channel located at the plasma membrane leading to massive calcium influx, as evidenced by the intense and sustained peak of cytosolic calcium. 8, 31 The calcium rise induces calpain activation, Bid cleavage and the activation of the mitochondrial apoptotic pathway 8, 13 . Data reported here suggest that the ER chaperone ORP150 reduces the calcium release from ER stores, thereby preventing calcium-dependent calpain activation and subsequent activation of the mitochondrial apoptotic pathway ORP150 cloning and HMEC transfection by siRNA. Subconfluent wt-HMEC were transfected with 10 mg of ORP150 sense plasmid 21 using 20 ml of lipofectamine (Invitrogen), and cultured in the presence of G418 (1.5 mg/ml) to select stable transfected HMEC clones, as reported. 40 ORP150 siRNA (Eurogentec) were a pool of two sequences corresponding to part of the ORP150 sequence (5 0 -GCACAAUAAACGGGUACUC-3 0 and 5 0 -GCAU GGCGAUUAAGAAUCC-3 0 ). Control transfection was realized using a scrambled siRNA (scr-siRNA) sequence (Invitrogen). Cell transfection by siRNA was performed under the previously used conditions. 40 LDL isolation and incorporation. LDLs from human pooled sera were prepared by ultracentrifugation and dialyzed against NaCl 0.15 M phosphatebuffered saline (PBS) pH 7.3 containing 0.1 mM EDTA. LDL were oxidized by UV irradiation (2 mg apoB/ml in dialysis buffer supplemented with 5 mM CuSO4), as previously reported. 7 Under standard conditions, oxLDLs contained 71-104 nmol lipid hydroperoxide/mg apoB and 6.4-9.7 nmol TBARS/mg apoB. Note that (LDL free) dialysis buffer supplemented with 5 mM CuSO4 and UV-irradiated under the same conditions as oxLDL preparation, was used as negative control.
Evaluation of cytotoxicity, necrosis and apoptosis. Cytotoxicity was evaluated using the MTT test. Alternatively, apoptotic and necrotic cells were counted after fluorescent staining of DNA by SYTO-13/PI (0.6 mM SYTO-13, a permeant DNA intercalating green-colored probe and 15 mM propidium iodide, PI, a non permeant intercalating red probe), as previously described. 8 Western blot analysis. Cultured cells were washed and scraped in PBS, then disrupted at 41C in the extraction buffer (20 mM HEPES, 1 mM EDTA, 1 mM Na 3 VO 4 , 250 mM sucrose, 5 mM digitonine, 1 mM DTT, 1 mM PMSF) for 15 to 30 min on ice. After 2 cycles of clarification at 2500 Â g for 5 min, supernatant was centrifuged at 12 000 Â g for 15 min (Beckman Optima) and used for western-blot experiments. Alternatively, cytosol was separated from mitochondria. 8 Human atherosclerotic tissue samples from carotid endarterectomy were homogenized in the extraction buffer, and used for SDS-PAGE either as total protein extracts or after immunoprecipitation experiments, then transferred onto nitrocellulose membranes, as previously described. 8 Immunocytochemistry and immunohistochemistry. Cells grown on glass cover slides, were washed with PBS and fixed in cold methanol for 10 min. After blocking with PBS containing 3% BSA for 30 min, cells were incubated with the indicated antibodies in PBS for 1 h and revealed with Alexa Fluor-conjugated secondary antibody for 1 h. The slides (mounted in Vectashield mounting medium) were visualized using a Zeiss LSM 510 fluorescence confocal microscope.
Immunofluorescence detection of apoptotic cells was performed using the antissDNA/APOSTAIN kit under the conditions given by the manufacturer (Abcys, Paris, France), and based on the increased sensitivity of DNA in apoptotic cells to thermal denaturation. Briefly, cells grown on glass cover slides, were washed with PBS and fixed in cold methanol for 10 min. then incubated in 0.25 ml formamide and heated to 751C for 10 min. At the end, 2 ml of 1% non-fat dry milk in PBS were added for 15 min, then the cells were washed in PBS and incubated with the anti single-stranded DNA monoclonal antibody (F7-26, Abcys), then with a fluoresceinconjugated anti-mouse antibody. Counterstaining of nuclei was performed with the DNA fluorochrome DAPI (Sigma).
Paraffin sections of human atherosclerotic carotid samples were incubated with the different antibodies, anti-ORP150 (1/50e). Immunostains were visualized by using avidin-biotin horseradish peroxidase system (Vectastain, ABC kit Elite, Vector Laboratories).
Cytosolic calcium evaluation. Cells were incubated for 15 min at 37 1C in culture medium buffered with 20 mmol/l Hepes and containing 0.5% bovine serum albumin and fluo-3/AM (5 mmol/l). After dilution and incubation for 45 min, cells were washed two times in PBS and their fluorescence was recorded (495 and 525 nm excitation and emission wavelength respectively). Results were normalized on a protein basis and expressed as percentage of control, as reported. 24 Determination of enzyme activities. Cells were lysed in ice-cold 10 mM Tris-HCl buffer pH 7.4 and enzyme activities were determined using fluorogenic substrates. Calpain activity was determined using the Suc-Leu-Tyr-AMC substrate, and caspase activity was determined using the fluorogenic substrate Ac-DEVD-AMC, under the previously used conditions. 8 Alternatively, caspase activation was visualized using the in situ caspase detection kit FLICAt under the conditions given by the manufacturer (Abcys, Paris, France).
Statistical analysis. The data are given as means±S.E.M. of three to six separate experiments. Estimates of statistical significance were performed by Anova (Tukey test, SigmaStat software). Po0.05 was considered to be statistically significant.
